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Electrophysiological aspects of sensory conduction
velocity in healthy adults
1 Conduction velocity from digit to palm, from palm to wrist,
and across the elbow, as a function of age
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SUMMARY The sensory conduction velocity from digit to palm and from palm to wrist was

determined in median (digit 3) and ulnar (digit 5) nerves in 47 healthy subjects with age range
from 21 to 77 years. The decrement of the sensory conduction as a function of age was more
marked in the palm to wrist than in the digit to palm segment. Sensory conduction velocity of
the ulnar nerve across the elbow was also studied. Irregularities in the shape of the sensory

evoked potential recorded above the cubital sulcus were found in 12.76% of cases, especially in
subjects over 50 years of age. These results suggest that aging causes decrement in sensory

conduction and changes in the shape of the evoked potentials, especially at points where the
nerves are more frequently compressed.

Digital nerve conduction using mechanical (Mc-
Leod, 1966) and electrical stimulation (Casey and
LeQuesne, 1972a) of the fingers, and sensory con-
duction velocity (SCV) from digit to palm have
been described (Buchthal and Rosenfalck, 1971;
Buchthal et al., 1974). Both methods have a par-
ticular value since the more distal part of the
peripheral nerves can be studied. The distal part of
the nerves is fundamentally affected in diabetes
(Casey and LeQuesne, 1972a) and alcholism
(Casey and LeQuesne, 1972b), whereas in the
carpal tunnel syndrome the changes are more
severe at the wrist (McLeod, 1966; Buchthal and
Rosenfalck, 1971; Casey and LeQuesne, 1972a;
Buchthal et al., 1974).
The SCV from digit to palm and from palm to

wrist, and the evolution of the normal parameters
of the sensory evoked potential (SEP) at the palm
and wrist, were determined in the present study
according to age in healthy adults. The SCV of
the ulnar nerve across the sulcus of the elbow was
then studied, in the same series of normal adults,
to obtain information about electrophysiological
Address for reprint requests: Dr A. Cruz Martinez, C/Toledo, 144C.D,
Madrid 5, Spain.
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changes in the nerve fibres in sites where the nerves
are more frequently compressed. We have already
published the results of SCV and mixed nerve
conduction velocity in the upper and lower limbs
of healthy subjects of different ages (Cruz Mar-
tinez et al., 1978).

Subjects and methods

Forty-seven healthy subjects, 25 women and 22
men, whose ages ranged from 21 to 77 years were
explored. None had signs or symptoms of neuro-
muscular disease. The series was distributed in
three groups: 21 to 29 years, 30 to 49 years, and
50 to 77 years.
The maximum SCV was determined for digit to

palm and palm to wrist (median and ulnar nerves),
and wrist to elbow (ulnar nerve) segments. The
stimulus (square electric pulse of 0.1 ms duration
and 0.5 ms interval between stimuli) was delivered
through metal ring electrodes on digits 3 and 5.
The SEP was recorded with surface electrodes

and a bipolar technique (20 mm fixed interelect-
rode distance) at the palm, wrist, and elbow. An
averager of 100 co-ordinates was used to study
the SEP, the amplitude of which was calculated
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peak to peak. The conduction velocity of the
mixed nerve (MxCV) was measured in the cubital
nerve, stimulating the ulnar nerve at the wrist and
recording the mixed evoked potential (MxEP) at
the elbow and axilla.
The skin was prepared before exploration and,

when necessary, the hand was warmed by immer-
sion in hot water. The temperature of the skin
over the nerves was 330C (palm and wrist) and
33.50C (elbow). The fingers were covered and
separated from each other with cotton. All ex-

plorations were performed on the right hand.

Results

The mean values of the SCV digit to palm and
palm to wrist for ulnar and median nerves, and
the amplitude and duration of the SEP at palm
and wrist, with error and standard deviation are
shown, according to age, in Table 1.

In the median nerve the maximum SCV was

moderately faster (4%) in the palm to wrist seg-
ment than in the digit to palm segment in subjects
below 50 years of age. In the group from 50 to
77 years of age, SCV was the same for both seg-
ments (Table 1). In the ulnar nerve the maximum
SCV was also faster in the proximal than in the
distal segment (15% in the group aged 21-29 years
and 11% in the other age groups).

The SCV decreased as a linear function of age,
but the decrement was more marked in the palm
to wrist than in the digit to palm segment, especi-
ally in the median nerve, in which the regression
lines for both segments coincide at about 70 years

of age (Fig. 1).
The amplitude of the SEP at the palm was

higher than at the wrist, whereas the duration was

shorter (Table 1). The amplitude was 30% (digit 3)
and 35% (digit 5) higher in the palm, and the
duration was 18% (digit 3) and 13% (digit 5)
larger in the wrist. The amplitude and duration of
the SEP were a linear function of the age, the
former decreasing and the later increasing (Fig. 1).
The SCV and MxCV of the ulnar nerve were

faster in the wrist below cubital sulcus and above
sulcus axilla segments (Table 2) than in the wrist
above sulcus segment. The SCV across the cubital
sulcus averaged 17.3 m/s slower than in the wrist
above sulcus segment. The MxCV across the sulcus
was also slower than in other segments of the
nerve (Table 2).
The SEP recorded above the sulcus was de-

synchronised in 12.76% of subjects (Fig. 2). The
shape of the potential was abnormal, but the
maximum conduction velocity was normal in
the wrist above sulcus segment. The shape of the
SEP did not show abnormalities in the palm, wrist,
and below sulcus segment. None of the subjects

Table 1 Sensory conduction velocity digit to palm and palm to wrist-amplitude and duration at palm in
median and ulnar nerves in 47 healthy adults. Mean values±+standard error

Digit Age Digit-palm Palm-+. rist
(yr)

SC V Amplitude Duration SC V
(m/s) SD (i V) SD (ms) SD (m/s) SD

3 <30 52.0±0.97 3.78 26.5±2.37 9.18 0.90±0.02 0.08 54.1±1.27 4.94
31-49 52.3±1.20 4.50 25.9±2.59 9.71 0.88±0.02 0.09 54.6±1.33 5.00
250 51.4+1.05 4.07 17.0±1.34 5.20 0.93±0.02 0.09 51.2±1.31 5.09

5 <30 50.0±1.12 4.20 17.5±1.64 6.15 0.91 ±0.02 0.10 57.6±1.20 4.49
31-49 50.6±1.36 5.10 17.4±1.62 6.08 0.90±0.02 0.10 56.3±1.32 4.96
250 48.4±1.54 5.57 11.2±1.38 4.98 0.97±0.03 0.11 54.1±1.50 5.42

SD =standard deviation.

Table 2 Sensory and mixed conduction velocities for the different segments of the ulnar nerve. Mean
values±standard error

Age Digit-wrist Wrist above sulcus Wrist below sulcus Below-above sulcus Above sulcus
(yr) axilla

m/s SD m/s SD m/s SD m/s SD
m/s SD

SCV <30 53.1±0.60 2.36 61.4±1.11 4.31 70.5±0.99 3.86 45.7±1.65 6.39 69.3±1.48 5.74
31-49 53.8±1.23 4.61 60.3±1.06 3.99 69.8±1.20 4.52 41.7±1.61 6.03 69.2±1.63 6.11
250 51.4±0.98 3.80 56.2±1.59 6.16 64.9±1.25 4.69 39.3±1.52 5.69 67.6±2.21 8.30

MxCV <30 63.2±0.91 3.56 73.0±1.34 5.21 46.0±1.43 5.57 73.3±1.91 7.16
31-49 60.7±0.93 3.49 70.8±1.18 4.42 43.2±1.80 6.74 70.9±2.00 7.50
250 58.9± 1.74 6.74 68.1±1.67 6.47 39.6±1.60 6.22 70.2±2.01 7.25

SD=Standard deviation.
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had signs, symptoms, or history of cubital neuro-
pathy. Four of the six patients with abnormally
shaped SEP above the cubital sulcus were over
50 years old.

Discussion

The study of the SCV in the distal part of the
nerves (from digit to palm and from palm to wrist)
has obvious value and clinical application allowing
a decision as to whether abnormalities in conduc-
tion velocity are at the wrist or in a more distal
part of the sensory nerve fibres. An example is
the recurrent familial neuropathy with liability to
pressure palsies. When the median nerve was clini-
cally affected, the slowest SCV lay in the palm
to wrist segment; whereas in the clinically un-
affected median nerve, electrophysiological study
showed a more severe impairment in the digit to

z, M. Barrio, M. C. Perez Conde, and A. M. Gutierrez

palm segment (Cruz Martinez et al., 1977).
Buchthal and Rosenfalck, 1971) found that the

SCV was the same in the digit to palm and palm
to wrist segments. Our results are similar, but they
show that the conduction from palm to wrist is
moderately faster than in the more distal segment.
The SCV decreases as a function of age, but the
decrement is more marked in the palm to wrist
segment in the oldest subjects, especially in the
median nerve. The more marked slowing caused
by age in the proximal part of the nerves has been
reported by Nielson (1973), but the differences be-
tween ulnar and median nerves might have their
explanation in subclinical changes suffered by the
median nerve in the carpal tunnel (Neary et al.,
1975). A subclinical entrapment of the ulnar nerve
at the elbow may explain the anomalies in the
shape of the SEP recorded above the elbow.
Neary et al. (1975) have described necropsy

l~I F-

-A

Fig. 1 Sensory conduction velocity, amplitude, and duration of the SEP in median and ulnar nerves
as a function of age in 47 healthy adults. Regression lines for SCV in P-W (palm to wrist) and D-P
(digit to palm) segments, duration, and amplitude at the palm. R =correlation coefficient; Y=m/s,
ins, and pV; X=years of age; Shaded area=95% confidence limits for D-P conduction; dashed lines
9S% confidence limits for P-W conduction, amplitude, and duration.
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Fig. 2 Abnormzalities in the shape of the SEP recorded above sulcus in four subjects without signs or
symptoms of ulnar neuropathy. The shape of the SEP at the palm and wrist, and SCV in the different
segments of the nerve are normal.

studies of patients without diseases of the per-
ipheral nerve. Mild changes in ulnar nerve at the
elbow and in the median nerve at the wrist were
observed, and they concluded that a subclinical
entrapment can exist in apparently unaffected
adult subjects. Other electrophysiological results
pointed to the same conclusion (Kaeser, 1963;
Payan, 1969). In our series, the abnormal shape of
the SEP at the elbow, and the decrement of the
SCV in the palm to wrist segment predominated in
older subjects. Both results suggest that age causes
decrement of the SCV, changes in the shape of the
SEP, or both in all peripheral nerve segments, but
essentially in the sites where the nerves are habitu-
ally compressed.
Other changes related to age, such as increment

in duration and reduction of the amplitude of the
SEP, are well known (Buchthal and Rosenfalck,
1966; Payan, 1969; Nielsen, 1973; Cruz Martinez
et al., 1978). The amplitude and duration of the
SEP are a function of the distance between stimu-
lating and recording points (Buchthal and Rosen-
falck, 1966). As the distance from digit to palm
is short, the amplitude of the SEP is higher and
the duration is shorter than at the proximal re-
cording points.
The SCV and MxCV calculated in the wrist

below sulcus, wrist above sulcus, and below-above
sulcus segments, support the main information for
diagnosis of ulnar nerve entrapment at the elbow.
The cases of subclinical entrapment with abnormal

shape of the SEP above the sulcus and normal
SCV have been mentioned above. Nevertheless,
the difficulty lies in the estimation of the changes
in SCV across the sulcus, because of differences
in the normal values reported by various authors.
Our results show that the SCV across the sulcus is
slower than in the forearm, in healthy adult sub-
jects, as previously reported by Carpendale (1966)
and Payan (1969). However, the SCV across the
sulcus is the same above and below, when the dis-
tance between electrodes is measured with the
forearm in pronation (Shubert, 1964) or with the
elbow at a right angle (Kaeser, 1963). We have
measured the distance with the forearm in supin-
ation and the elbow in extension. In this position
the distance measured is less than the real length
of the nerve (Payan, 1969), and an apparent local
slowing in the calculated SCV can be noticed. It is
necessary to be acquainted with this technical
problem for a correct evaluation of the results.
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